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FORE WORD 
This volume is one of a se t  of eleven volumes that describe mechanical and electro- 
mechanical systems of the Saturn I, SA-10 launch vehicle and launch complex 37B. 
The eleven-volume set  is prepared for  the Functional Integration Section, Systems 
Integration and Operations Branch, Vehicle Systems Division, P&VE Laboratory, 
MSFC, by Systems Engineering Branch, Chrysler Corporation Space Division under 
Contract NAS 8-4016. Volume titles a r e  listed below: 
Volume I RP-1 Fuel System 
Volume I1 LOX System 
Volume I11 
Volume IV 
LH2 System 
Nitrogen and Helium Storage Facility 
Volume V Pneumatic Distribution System 
Volume VI Environmental Conditioning Systems 
Volume VI1 Launch Pad Accessories 
Volume VIIY 
Volume M 
Volume X 
Volume XI Supplement: Legend and Composite Schematic 
H-1 Engine and Hydraulic System 
RLlOA-3 Engine and Hydraulic System 
Separation and Flight Termination Systems 
The technical content of this volume reflects the most up-to-date design information 
available f rom the S-I/S-IB Project Engineer, R-P&VE on July 1, 1964. 
System mechanical schematics a r e  provided in section 3 to support the functional des- 
cription of the system. 
and functional descriptions of components identified on the mechanical schematics. 
The index of finding numbers in section 2 provides physical 
iii 
TABLE OF CONTENTS 
Section 
1 
2 
3 
Figure 
1-1 
3-1 
Subject Page 
FUNCTIONAL DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . .  1.1 
1.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
1.2 H-lENGINE . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
1.2.1 Component Description . . . . . . . . . . . . . . . . . . . .  1.1 
1.2.2 Engine Operation . . . . . . . . . . . . . . . . . . . . . . . . .  1 .2  
1.3 H-1 ENGINE HYDRAULIC SYSTEM . . . . . . . . . . . . .  1.7 
1.3.1 Component Description . . . . . . . . . . . . . . . . . . . . .  1.7  
1.3.2 Hydraulic System Operation . . . . . . . . . . . . . . . . . .  1.8 
INDEX OF FINDING NUMBERS . . . . . . . . . . . . . . . . . . . . .  2.1  
MECHANICAL SCHEMATIC . . . . . . . . . . . . . . . . . . . . . . .  3.1 
LIST OF ILLUSTRATIONS 
Title 
H-1 Engine Start  and Shutdown Sequences . . . . . . . . . . . . . .  1.11 
B-1 Engine and Hydraulic System . Mechanical Schematic . . . . .  3 . 3 
V 
SECTION 1 
FUNCTIONAL DESCRIPTION a 
1.1 INTRODUCTION 
The S-I stage of launch vehicle SA-10 is powered by a cluster of eight H-1 engines. 
The four inboard engines a r e  mounted 90 degrees apar t  on a radius of 32 inches from 
the vehicle longitudinal axis and a r e  canted at three degrees outboard from vehicle 
centerline. The four outboard engines a r e  gimbal mounted 90 degrees apart  ( rotated 
45 degrees from the inboard engines) on a radius of 95 inches from the vehicle longi- 
tudinal axis and a r e  canted at  six degrees outboard from vehicle centerline. 
mounting pattern is shown in figure 3-1. 
The engine 
An independent, closed-loop hydraulic system installed on each outboard engine pro- 
vides power for gimballing the engine. The gimbal mount permits each engine to move 
in a plus o r  minus eight-degree square pattern for roll,  pitch, and yaw control during 
S-I powered flight. 
The functional description of the H-1 engine covered in this section encompasses de- 
tailed major component descriptions and engine operation including launch preparation, 
engine purges, engine s ta r t ,  mainstage, shutdown, and drain operations. The function- 
al description of the H-1 engine hydraulic system encompasses detailed major compo- 
nent descriptions and hydraulic system operation including prelaunch, flight, filling, 
and draining operations. 
1.2 H-1 ENGINE 0 
The H-1 engine i s  a single-start, constant-thrust engine that uses LOX and RP-1 as 
propellant to develop 188,000 pounds of thrust  ( nominal ra t ing)  at sea level. Four 
RP-1 fuel tanks and five LOX tanks supply propellant to the eight engines. The out- 
board engines are equipped with a hydraulic system for roll,  pitch, and yaw control 
and an aspirator to aid in the disposal of turbine exhaust and vent line drain products. 
1.2.1 Component Description - Major components of the H-1 engine, include the thrust 
chamber,  the turbopump assembly, the solid propellant gas generator ( SPGG) , the 
liquid propellant gas generator ( LPGG ) , and the fuel additive blender unit ( FABU ) . 
These components a r e  described in the following paragraphs. 
1 .2 .1 .  1 Thrust Chamber. 
tubes joined by silver brazing. 
f rom a tapered fuel input manifold. 
manifold, and the up tubes to provide cooling for the thrust  chamber walls. 
Fuel and LOX a r e  supplied to alternate rings of the thrust chamber injector. A copper 
ring baffle and six copper radial baffles a r e  mounted on the face of the injector and 
divide the injector face into seven separate areas. Annular passages route hypergolic 
The thrust chamber is made up of 292 longitudinal nickel 
RP-1 fuel is supplied to alternate tubes ( down tubes)  
Fuel flows through the down tubes, the return 
fluid from the hypergol cartridge to a port on the face of each of the seven injector areas. 
0 
1.1 
1.2.1.2 Turbopump. The turbopump assembly consistg of a two-stage turbine, a 
gearbox, a LOX pump, a fuel pump, and a dual accessory drive pad. The LOX and 
fuel pumps are single entry, centrifugal units containing an axial-ilow inducer, a ra- 
dial-flow impeller, and diffuser vanes. The turbine i s  a two-stage, p ressure  com- 
pounding unit that develops 3793 hp at approximately 32,000 rpm. 
by gases generated in the LPGG. 
gear reductions to drive the LOX and fuel pumps at  approximately 6537 rpm. The dual 
accessory dr ives  rotate at approximately 4000 rpm. Each outboard engine uses  one 
accessory drive to operate the main pump. An electric heater prevents freezing of the 
accessory drive bearings. 
The turbine is driven 
The gearbox provides the necessary linkage and 
1.2.1.3 Solid Propellant Gas Generator. 
i s  made up of a sealed propellant cartridge and two initiators. 
to a flange on the LPGG and supplies power ( hot gases ) to the turbopump two-stage 
turbine for engine starting. The solid propellant cartridge i s  a disposable type that 
cannot be reloaded or  reused. 
The SPGG begins operation 20 milliseconds after the s ta r t  signal is  given and delivers 
a gas flow of approximately 4.68 pounds per  second for  approximately 1 second. This 
accelerates the turbine and the LOX and RP-1 turbopumps. 
ceive bootstrap propellant from the propellant discharge lines and s ta r t s  to operate 
before the SPGG operation cycle is  ended. 
The solid propellant gas generator ( SPGG) 
The SPGG is  fastened 
The LPGG begins to re- 
1.2.1.4 Liquid Propellant Gas Generator. 
burns RP-1 and LOX to generate the hot gases  required to operate the two-stage t u r -  
bine in the turbopump assembly. 
2. 924 to 1 and begins operation before the solid propellant gas generator operation 
cycle i s  terminated. 
tion. 
The liquid propellant gas generator ( LPGG ) 
The LPGG uses a fuel-to-LOX ratio of approximately 
LPGG operation continues for the remainder of H-1  engine opera- 
1.2.  1. 5 Fuel Additive Blender Unit. The fuel additive blender unit ( FABC') mixes 
RP-1 fue l  with a n  oxidation and corrosion inhibitor additive ( Oronite 262 ) and injects 
the mixture a t  the required flow rate into the turbopump assembly gearbox for  lubri- 
cation and cooling. When fuel pressure reaches 70 to 110 psig an internal poppet type 
check valve opens and fuel enters  the FABU. Fuel pressure  is  applied to the top of a 
piston in the FABU to force the additive through a metering orifice and add approximate- 
ly 2 .  75 percent additive by weight to the fuel flowing ( 4 to 5 gpm ) through the body of 
the unit. 
in the required viscosity range. 
P r io r  to engine s ta r t ,  an electric heater i s  used to maintain the additive with- 
1 . 2 . 2  Engine Operation - The H-1  engines are  s tar ted in pa i r s  100 milliseconds 
apart  to avoid undue structural  s t r e s s  and loading. 
ed first.  
S-I stage powered flight lasts approximately 150 seconds. 
flight ends when the four  inboard engines are simultaneously shut down. 
6 seconds la ter ,  the lour outboard engines are simultaneously shut down. 
shutdown sequences arc' i1lustr:ited in figure 1-1. 
The four inboard engines a r e  s ta r t -  
S-I stage full powered 
Approximately 
Start  and 
1 .2  
The following paragraphs cover in detail the various phases 
including launch preparations, engine purges, engine s tar t ,  
engine shutdown, and engine drain. A schematic of the H-1 
figure 3-1. 
0 
of H-1 engine operation 
mainstage operation, 
engine i s  presented in 
1.2.2.1 Launch Preparation. After the vehicle has been assembled on the launch pad, 
the explosive devices are installed on each H-1  engine. 
Propellant G a s  Generator B20 with dual Initiators B11, dual Auto Igniters B42, Conax 
Valve B2, and a hypergol cartridge. 
In addition, Fuel Additive Blender Unit B15 i s  filled with Oronite 262 additive through 
Quick-Disconnect Coupling B17. The fuel jacket of Thrust Chamber B28 i s  filled with 
RP-1 through Quick-Disconnect Coupiing B31. 
These devices include Solid 
1.2.2.2 Engine Purges. Several GN2 purges are initiated during the launch prepara- 
tion sequence to prevent contaminants f rom entering the engine and to reduce fire haz- 
ard. These purges are a s  follows: 
a. Gearbox Pressurization and LOX Pump Seal Purge. 
described together since both use GN2 from a common source. Both operations 
commence with S-I stage control-system pressurization and continue through- 
out launch preparation, engine starting, launch, and S-I stage flight. If the 
launch is  aborted, purging is required until all LOX has boiled off from the 
turbopump. 
LOX and lube seals  in the turbopump to isolate LOX and lubricant leakage. 
Lubricant and LOX leakage into the area between the sea ls  i s  kept separate  
by the G N z  pressure and drained overboard through separate  drain lines. 
Gearbox pressurization i s  required to prevent the turbopump gearbox lubricant 
from foaming at  high altitude. 
forced out of the lube drain by gearbox pressure and can be visually monitored 
prior to launch. 
seal  purge is supplied from the control pressure system and flows through 
Manual V a l v e  B214 to a ringline manifold. Gaseous nitrogen i s  distributed 
from the ringline manifold through Orifice B305 to Turbopump Assembly B8 
on each engine. 
branches into a purge line and a pressurization line. Nitrogen in the purge 
line flows through Orifice B7 into the a rea  between the LOX and lube seals 
and out of the LOX and lube seal drain lines. 
line flows through Orifice B3 and Check Valve B5 into the gearbox. Relief 
Valve  B13 in the lube drain line operates to maintain desired gearbox pressure.  
LOX Dome Purge. The LOX dome purge consists of a bypass purge and a 
full-flow purge. The bypass purge maintains a slight positive GN2 pressure  
i n  the LOX dome and prevents contaminants from being drawn upwards through 
the thrust chamber nozzle into the injector plate and LOX dome. The bypass 
purgc also prevents moisture from entering the area.  
initiated prior to propellant loading and continues until just prior to engine 
ignition. 
These operations are 
Gaseous nitrogen at 1 .5  psig is supplied to the area between the 
Fuel leakage past the turbopump fuel seal i s  
Gaseous nitrogen for gearbox pressurization and LOX pump 
The line downstream from Orifice B305 on each engine 
Kitrogen in the pressurization 
b. 
The bypass purge is 
1.3 
- -  I 
A s  the bypass purge ends, GN2 pressure and flow rate are increased and the 
full-flow purge starts. 
until overcome by increasing LOX pressure in the LOX dome. If the launch 
is aborted, the LOX dome purge resumes as soon as LOX pressure  decays 
below GN2 purge pressure.  The GN2 purge pressure expells LOX from the 
LOX dome and the LOX bootstrap line. The purge also expells any contami- 
nants from the LOX dome. After a s h o r t  interval, the full-flow purge is re- 
placed by the bypass purge. Gaseous nitrogen for  both purges flows from a 
ground source through short  cable mast No. 2 and Quick-Disconnect Couplings 
B304 into a ringline manifold. From the manifold, separate branch lines lead 
to each engine. Gaseous nitrogen flows into each branch line through Check 
Valve B45 and the LOX pump discharge line, to the LOX dome. Gaseous ni- 
trogen also flows through the LOX bootstrap line to the closed LOX poppet 
valve in the LPGG Control Valve Assembly B23. 
LPGG LOX Injector Manifold Purge. This purge prevents SPGG combustion 
products and other contaminants from entering the LPGG LOX injector mani- 
fold before LOX enters the manifold. The purge starts 25 seconds before en- 
gine ignition and is terminated by LOX pressure  buildup in the manifold. If 
the launch is aborted, this purge s tar ts  immediately after engine cutoff and 
continues until the SPGG solid propellant cartridge is removed. Gaseous ni- 
trogen for this purge flows from a ground source through short  cable mast  
No. 4 and Quick-Disconnect Coupling B301 into a ringline manifold. A sepa- 
ra te  line leads from the manifold to each LPGG LOX injector manifold. Gas- 
eous nitrogen flows through Check Valve B12 in each branch line into the LOX 
injector manifold and exits through the gas  turbine exhaust duct. This purge 
is terminated by LOX pressure buildup in the LOX injector manifold and occurs 
just pr ior  to propellant ignition i n  Liquid Propellant Gas Generator B22. 
Thrust Chamber Fuel Injector Manifold Purge. 
from entering the fuel injector manifold during engine ignition and is initiated 
15  seconds before engine ignition. 
a ground source through short cable mast No. 2 to Quick-Disconnect Coupling 
B303 into a ringline manifold. GN2 is distributed from the ringline manifold 
to a manifold on each engine. Gaseous nitrogen i s  routed f rom the engine 
manifold into the fuel injector manifold through three branch lines, each of 
which has a Check Valve B37. The branch lines intersect the fuel injector 
manifold at approximately 120-degree spacing intervals. Gaseous nitrogen 
flows from the fuel injector manifold through Thrust Chamber B28. 
stage operation begins, fuel pressure buildup in the fuel injector manifold 
closes Check Valve B37 in each line and terminates the GN2 flow. 
supply is then shut off, terminating the purge. 
The full-flow purge continues during engine operation 
c. 
d. This purge prevents LOX 
Gaseous nitrogen for this purge flows from 
A s  main- 
The ground 
1.2.2.3 Engine Start. The engine s ta r t  sequence ( figure 1-1 ) begins with pr imary 
ignition and continues until normal mainstage operation has been established. During 
this period, turbopump operation i s  initiated by a solid propellant charge, engine ig- 
nition occurs,  and various valves a r e  positioned. In addition, a bootstrap operation 
is established in which LOX and fuel a r e  bled off from the main engine supply, and 
burned in the LPGG. 
ing the turbopump. 
The resulting products of combustion are used to continue driv- 
1.4 
The engine start sequence occurs when an  electrical  signal f rom the s t a r t  sequencer 
in the launch control center ( LCC ) f i res  two SPGG Initiators B11 on each engine. 
initiators ignite the solid propellant in the SPGG and the resultant high-pressure com- 
bustion gases are forced through par t  ot Liquid Propellant Gas Generator B22 to  
Turbine B19. The turbine accelerates the LOX and fuel pumps through a gear t ra in  in 
the gearbox of Turbopump Assembly B8. 
Turbopump Assembly B8 draws fuel from the suction line and forces it through Orifice 
B4 in the fuel discharge line to the inlet side of normally closed Main Fuel Valve B39. 
At this point, some fuel is diverted through a branch line as a supply for  valve actua- 
tion, gearbox lubrication, and engine primary ignition. 
line connects a fuel discharge line to the fuel suction line. 
any air trapped in the fuel discharge line will be bled back to the fuel suction line through 
Orifice B48. 
Fuel f rom the branch line flows to Fuel Additive Blender Unit B15 through a manifold 
to  which Conax Valve B2 is attached. Here, the fuel mixes with the Oronite 262 addi- 
tive and the fuel-Oronite mixture flows through a lube line and Filter B14 to the gear- 
box located on Turbopump Assembly B8. The fuel-Oronite mixture cools and lubricates 
the gearbox assembly components, and then discharges overboard through the lube 
drain line and Relief Valve B13. 
box pressure.  
In addition, parallel fuel paths lead from the branch line to Fuel Igniter Valve B46 and 
through Orifice B1 to Main LOX Valve B49. Pr ior  to  the application of fuel control 
pressure  to the main LOX valve, Turbopump Assembiy B8 draws LOX from the suction 
line and forces it through the LOX discharge line to the inlet side of the normally closed 
main LOX valve. As turbopump acceleration causes pressure  buildup in the fuel dis- 
charge line, increasing pressure i s  applied to overcome the spring pressure  in Main 
LOX Valve B49. When the discharge line fuel pressure  reaches approximately 230 
psig, Main LOX Valve B49 begins to open. Liquid oxygen flows through the LOX dis- 
charge line, LOX dome, and LOX injector nozzles into Thrust  Chamber B28. Liquid 
oxygen a l so  flows through Check Valve B24 and Orifices B29 to Heat Exchanger Assem- 
bly B30. In addition, LOX flows through the LOX bootstrap line and Orifice B21, to 
LPGG Control Valve Assembly. 
When Main LOX Valve B49 has opened approximately 80 percent, a mechanical linkage 
opens Fuel Igniter Valve B46. Opening the fuel igniter valve allows fuel to  flow to 
Injector and Hypergol Container Assembly B36 and to the inlet port  of normally closed 
Ignition Monitor Valve B38. 
The hypergol-cartridge burst  diaphragms rupture when fuel pressure  reaches 300 psig 
and hypergol, followed by fuel, flows through the thrust  chamber injector into Thrust  
Chamber B28. The hypergol ignites on contact with previously injected LOX causing 
pr imary  ignition. Pr imary  ignition produces pressure  buildup within Thrust Chamber 
B28, the fuel injector manifold, and the control line f rom the manifold to Ignition Mon- 
itor Valve B38 and LPGG Control Valve Assembly B23. When pressure  in the fuel in- 
jector manifold reaches approximately 15 psig, Ignition Monitor Valve B38 opens and 
fuel channeled from Fuel Igniter Valve B46 exerts  pressure  on Main Fuel Valve B39. 
When fuel pressure  overcomes spring pressure,  the main fuel valve opens and fuel 
The 
From the branch line, a bleed 
P r io r  to the s t a r t  sequence, 
The bleed line has no function after engine start .  
The relief valve operates to maintain constant gear- 
1.5 
flows into the fuel manifold. 
fuel jacket and the fuel injector manifold into Thrust Chamber B28. Since LOX is al- 
ready present and ignition has occurred, mainstage operation now begins. 
A s  fuel flows from the fuel manifold to the thrust chamber fuel jacket during the  s ta r t  
sequence, the fuel bootstrap line allows some fuel to flow through Orifice B32 to LPGG 
Control Valve Assembly B23. A s  thrust buildup continues, combustion-chamber pres-  
s u r e  is exerted on the control of the LPGG control valve assembly. When this pressure  
reaches approximately 115 psig, the control valve assembly opens, allowing LOX and 
fuel to flow into Liquid Propellant Gas Generator B22 where they are ignited by the hot 
gases from Solid Propellant Gas  Generator B20. Two Auto Igniters B42 provide a 
redundant secondary ignition source in the LPGG t o  insure start ing of the bootstrap 
cycle. 
During the s ta r t  of the bootstrap cycle, Turbine B19 operates on combined Solid Propel- 
lant G a s  Generator B20 and Liquid Propellant Gas Generator B22 high-pressure gases. 
Operation on the combined gases  continues until the SPGG ceases  operation. The LPGG 
continues to power the gas turbine for the remainder of engine operation, 
From the manifold, fuel flows through the thrust chamber 
1 . 2 . 2 . 4  Mainstage Operation. During mainstage operation, all engine valves a r e  open 
and LOX and fuel a r e  being discharged at  desired flow rates. Fuel i s  routed through the 
walls of Thrust Chamber B28 for cooling. Main propellant ignition results in a pressure  
buildup in the thrust chamber. Thrust 0. K. Pressure  Switch B41 monitors thrust  build- 
up by measuring a corresponding pressure buildup in the fuel line downstream from 
Main Valve B39. During mainstage operation, LOX is supplied from a branch line 
downstream from Main LOX Valve B49 to Heat Exchanger Assembly B30 through three 
Orifices B29. This LOX is vaporized and routed through Check Valve B173 to provide 
inflight LOX tank pressurization. 
1 . 2 . 2 ,  5 Engine Shutdown. Approximately 150 seconds after engine ignition, a signal 
f rom the flight computer in the instrument unit initiates engine cutoff. 
sequence is  presented i n  figure 1-1. This signal detonates two explosive charges with- 
in Conax Valve B2. 
in the valve body and allows pressurized fuel to flow to the closing control of Main LOX 
Valve B49. 
t ro l  of the valve and allows the internal valve spring pressure  to close the valve and 
stop the flow of LOX to Thrust Chamber B28 and Liquid Propellant Gas  Generator B22. 
After  Main LOX Valve B49 has closed approximately 20 percent, Fuel Igniter Valve 
B46 closes. The pressure that w a s  holding Main Fuel Valve B39 open is then removed, 
allowing the main fuel valve to close. The flow of fuel to Thrust  Chamber B28 and the 
LPGG terminates. The time-lag between LOX and fuel shutoff provides a fuel-rich 
cutoff that prevents an explosive shutdown in both the thrust  chamber and the LPGG. 
The shutdown 
The explosive force moves a piston that shears  a metal diaphram 
This pressure counteracts the existing fuel pressure  on the opening con- 
1 . 2 . 2 . 6  Engine Drain Operation. The engine is equipped with manual drains that allow 
it to be drained in the event of a launch cancellation. A vent and drain system also pro- 
vides for inflight disposal of purges and combustible fluids leakage. 
a. Ground Drain Operation. In the event of launch cancellation, the fuel suction 
line, fuel pump volute, fuel discharge line, and fuel branch line on each engine 
1.6  
are drained through Quick-Disconnect Coupling B18. 
also be drained through Cap Assembly B10, and the fuel discharge line up- 
s t ream from the Main Fuel Valve B39 can be drained through Drain Plug B43. 
The fuel bootstrap line is drained through Quick-Disconnect Coupling B31. 
The fuel manifold and thrust  chamber fuel jacket a r e  drained through four 
Drain Plugs B26 located on the collector ring at  the base of Thrust Chamber 
B28. 
Inflight Drain Operation. During engine operation, drain lines ca r ry  any com- 
bustible fluids leakage clear  of the engine area. 
is isolated from LOX leakage by means of separate drain lines. Three drain 
lines lead from Turbopump Assembly B8: the LOX seal drain, the lube seal 
drain, and the lube drain. On inboard engines, the LOX seal  drain is routed 
to Manifold B47 which also receives leakage from two LOX drain lines located 
on Main LOX Valve B49. 
overboard. On outboard engines, LOX leakage i s  conducted to a common 
drain line and then drained overboard. Manifold B44 receives fuel and lubri- 
cant leakage from six separate lines and drains it overboard through a single 
line. 
control valve assembly drain, the fuel drain from the main LOX valve, and 
the three drain lines from Main Fuel Valve B39. 
age from the engine area. 
gearbox, and the fuel drain lines from Ignition Monitor Valve B38 and Fuel 
Igniter Valve B46. 
On outboard engines, all leakage is dumped into the engine thrust  chamber 
f rom a common point on the edge of Aspirator B27. On inboard engines, all 
leakage is ducted to aerodynamic fairings ( one for each inboard engine) lo- 
cated on the exterior of the vehicle, where it is dumped into the turbine ex- 
haust. 
The fue l  pump volute can 
Fuel Additive Blender Unit B15 is drained through Drain Plug B16. 
b. 
Fuel and lubricant leakage 
From the manifold, a single line drains LOX leakage 
The six lines are the lube seal drain, the liquid propellant gas generator 
Three other lines drain leak- 
These are the lube drain line from the turbopump 
1 . 3  H-1 ENGINE HYDRAULIC SYSTEM 
The four outboard H-1 engines a r e  each equipped with an independent closed-loop hy- 
draulic system. 
pitch, and yaw control of the launch vehicle during S-I stage powered flight. 
The gimbal mounted H-1 engines are moved in proportion to the magnitude of an electri-  
cal  input signal. 
a r e  mounted to produce perpendicular planes of motion. 
re t rac t  individually o r  simultaneously. 
The high-pressure hydraulic fluid flow required by the actuators is provided, on de- 
mand, by the variable-flow, mechanically driven main pump during H- l  engine operation 
and by the electrically driven auxiliary pump during test  operations. 
The hydraulic systems provide the necessary motive power for roll,  
The required movement is provided by two hydraulic actuators that 
The actuators may extend o r  
1 . 3 . 1  Component Description - Major components of the H-1 engine hydraulic system 
are main and auxiliary pumps, accumulator-reservoir assembly, and servoactuator 
assemblies. Descriptions of these components are included in following paragraphs. 
1 . 7  
1 . 3 . 1 . 1  Main Pump. 
nically-driven unit that operates between 3750 and 4300 rpm to deliver a maximum flow 
of 18 gpm at a minimum pressure of 2900 psig. Maximum output pressure  at zero  
flow is 3200 ( f 50)  psig. 
1 . 3 . 1 . 2  Auxiliary Pump. The auxiliary pump is a single-stage, variable-delivery 
unit that is used to supply hydraulic pressure for  ground checkout. 
pump i s  driven at approximately 10, 500 rpm by a 4.5-hp electric motor to deliver a 
maximum flow of 3 . 0  gpm a t  2900 ( f 5 0 )  psig. Maximum pressure  at zero  output is 
3000 ( f 5 0 )  psig. 
The main pump i s  a two-stage, variable-displacement, mecha- 
The auxiliary 
1. 3. 1 . 3  Accumulator-Reservoir Assembly. The three-chamber, accumulator-reser- 
voir assembly serves as a high-pressure accumulator and a low-pressure reservoir.  
The GN2 chamber is precharged to 1600 psig prior to filling the system with hydraulic 
fluid. 
auxiliary pump o r  the main pump is in operation. 
low- and high-pressure chambers establishes the low pressure  chamber pressure  at 
approximately 53 psig for a system pressure of 3200 psig. 
ratio piston is monitored to provide a system fluid-level indication. 
The high-pressure chamber is pressurized to system pressure  whenever the 
The 6040-1  ratio piston between the 
The position of the 60-to-1 
1 . 3 . 1 . 4  Servoactuator. The double-acting servoactuator assembly includes an electro- 
hydraulic servovalve, a micronic fi l ter ,  a feedback potentiometer, a removable stroke- 
indicator scale,  and a mid-stroke locking device. 
The self-contained, four-way, two-stage servovalve is utilized for flow control and 
features a dynamic pressure feedback loop, a polarized electric torque motor, and two 
stages of hydraulic power amplification. 
Two identical servoactuator assemblies are mounted on each of the four outboard en- 
gines for pitch and yaw control. 
1 .3 .2  Hydraulic System Operation - The H-1 engine hydraulic system provides motive 
power for  engine gimballing during S-I stage powered flight and for  prelaunch check- 
outs. Operation of the hydraulic system is discussed in following paragraphs. A 
schematic of the H-1 engine hydraulic system is presented in figure 3-1. 
1 . 3 . 2 . 1  Filling Operation. Accumulator-Reservoir Assembly B86 is charged with 
GN2 from a ground Source through High-pressure Charging Valve B88 before the system 
is filled with hydraulic fluid. The system is then filled with hydraulic fluid through 
Quick-Disconnect Coupling B84, purged, and bled. Hydraulic fluid is supplied from 
a ground source through Filter B85 to the accumulator-reservoir assembly and through 
the system. Excess hydraulic fluid used in the purging operation is returned to the 
ground source through Quick-Disconnect Coupling B90. 
1 . 3 . 2 . 2  Prelaunch Operation. During prelaunch testing and checkout, Auxiliary Pump 
B80, driven by electric Pump Motor B81,supplies the hydraulic pressure  fo r  engine 
gimballing. Check Valve B79 protects Main Pump B75 f rom high-pressure fluid during 
auxiliary pump operation. The auxiliary pump is protected by Check Valve B82 f rom 
high-pressure fluid during operation of Main Pump B75. Auxiliary pump operation ter- 
minates after all  engines have reached rnainstage operation. 
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1.3.2.3 Flight Operation. Main Pump B75 is mechanically driven and draws fluid 
from the low-pressure side of Accumulator-Reservoir Assembly B86. A s  the turbo- 
pump speed increases,  fluid pressure increases to approximately 3200 psi ,  causing 
the hydraulic fluid to flow through Check Valve B79 and Filter B85 into the high-pres- 
s u r e  side of the accumulator-reservoir assembly. The pressurized fluid flows from 
the accumulator into the servovalve of Hydraulic Actuators B94 and B95. 
When the electrohydraulic servovalve in each actuator receives a command from the 
guidance system it diverts the high-pressure fluid against one side o r  the other of the 
actuator piston, causing extension or  retraction of the actuator arms.  Displaced fluid 
from Hydraulic Actuators B94 and B95 is returned to the low-pressure side of Accumu- 
lator-Reservoir Assembly B86. 
The hydraulic system is monitored by various switches and indicators within Accumu- 
lator-Reservoir Assembly B86. Differential Pressure  Indicator B78 is calibrated to 
extend a spring-loaded button when the pressure  drop across  Fil ter B85 exceeds a pre- 
determined level. An extended button indicates the presence of dirty o r  clogged filter. 
Thermal Switch B93 actuates if the fluid temperature increases above a predetermined 
value. The hydraulic fluid pressure in the high-pressure accumulator is monitored by 
High-pressure Transducer B92. The fluid level of the reservoir  is monitored at all 
t imes  by Potentiometer B87. Thermal Switch B96 protects auxiliary Pump Motor B81 
from overheating. 
The hydraulic system is protected against overpressurization by Relief Valves B89 and 
B91. Relief Valve B89 protects Accumulator-Reservoir Assembly B86 and the high- 
pressure  side of the system by allowing high-pressure fluid to vent into the low-pres- 
s u r e  side of the accumulator-reservoir assembly. The low-pressure side of the system 
is protected by Relief Valve B91 which vents excess fluid to the atmosphere. During 
flight. Relief Valve B91 is capped and is inoperative. 
1.3.2.4 Drain Operation. The system is drained through Quick-Disconnect Coupling 
B90. 
for  cleaning. Nitrogen pressure in Accumulator-Reservoir Assembly B86 can be re- 
leased through High-pressure Charging Valve B88. Main Pump B75 and Auxiliary 
Pump B80 are provided with Seepage Plugs B76. Bleed Valves B83 and B98 are pro- 
vided for  both the high- and low-pressure sides of the accumulator-reservoir assem- 
bly, the main pump, and the auxiliary pump. 
Case Drain Filter B97 removes any auxiliary-pump-generated contaminant before the 
fluid is returned to the reservoir.  
Drain plugs a r e  provided in Actuators B94 and B95. Fil ter B85 can be removed 
1 .9  
i -. 
1 IGNITION SIGNAL I - I I I S ~ L I D  PROPELLANT 
I I I GAS GENERATOR TURBOPUMP FIRES ACCELERATES - D!SCHARGE LINE FUEL PaESSURE INCREASES TO b!PPROX. 230 PSlG 
I I 
I 
MAIN LOX VALVE OPENS 
FUEL IGNITER VALVE OPENS - HY PERGOL FLOWS 
IGNITION FUEL FLOWS 
PRIMARY IGNITION 
IGNITION MONITOR VALVE OPENS I 
VALVE OPENS 
MAIN PROPELLANT IGNITION 
GAS GEN. BOOTSTRAP OPR. 
0 0.25 0.50 0.75 1.0 SECONDS 
START SEQUENCE 
CUTOFF SIGNAL t CONAX VALVE FIRES I I I 
I I FUEL FLOWSTO MAIN LOX VALVE CLOSING CONTROL 
I I 
I 
MAIN LOX VALVE CLOSES 
I 
I 
IGNITER VALVE CLOSES 
I 
I 1 1 
TU R BOPUMP DECELERATES 
I MAIN FUEL 
I I 
I I I 
VALVE CLOSES 
I THRUSTDECAYS 
0 0.25 0.50 0.75 
SHUTDOWN SEQUENCE 
1.0 SECONDS - 
OPERATION ENDS 
- 
OPERATION STARTS 
Y 
ACTUATION TIME INDICATED 
POSITION IS MAINTAINED 
- 
OPERATION CONTINUES 
NOTE: 
TIMES ARE APPROXIMATE 
(NOT DRAWN TO SCALE) 
~~~ ~~ 
Figure 1-1. H-1  Engine Start  and Shutdown Sequences 
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SECTION 2 
INDEX OF FINDING NUMBERS 
This section contains an alpha-numerical list,  by finding number, of the H-1 engine and 
hydraulic system components that function during a prelaunch countdown, during vehicle 
flight, o r  in the event of a launch abort. The finding numbers listed identify components 
on the system schematic provided in section 3. Additional columns in the index of find- 
ing numbers provide such pertinent information as component description and function, 
par t  number, and the supplier’s name and par t  number. A break will occur in the alpha- 
numeric sequence of finding numbers when a component, o r  component se r ies  is non- 
functional during the countdown, functional only in the event of a malfunction, functional 
in t e r m s  of a maintenance operation only, o r  is par t  of another functional system. 
The letter prefix of a finding number identifies the component with respect to either 
the launch complex o r  an a rea  of the launch vehicle. 
eleven-volume set a r e  listed below. 
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SECTION 3 
MECHANICAL SCHEMATICS 
This section contains a mechanical schematic that shows the functional arrangement 
H-1 engine and hydraulic system components listed in section 2. For  a definition of 
the mechanical symbols used, s ee  MSFC-STD-162A. 
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